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Abstract The organo-attapulgite was prepared using hexa-
decyltrimethylammonium bromide (HTMAB) with equa-
tion equivalent ratio of HTMAB to CEC of attapulgite added
and then used as adsorbent for the removal of Congo red
(CR) anionic dye from aqueous solution. Adsorbent char-
acterizations were investigated using infrared spectroscopy
and X-ray diffraction. The effects of contact time, tempera-
ture, pH and initial dye concentration on organo-attapulgite
adsorption for CR were investigated. The results show that
the amount adsorbed of CR on the organo-attapulgite in-
crease with increasing dye concentration, temperature, and
by decreasing pH. The adsorption kinetics was studied with
the pseudo-first-order, pseudo-second-order and intraparti-
cle diffusion models, and the rate constants were evalu-
ated. It was found that the adsorption mechanisms in the
dye/organo-attapulgite system follow pseudo-second-order
kinetics with a significant contribution of film diffusion.
Equilibrium data fitted perfectly with Langmuir isotherm
model compared to Freundlich isotherm model, and the
maximum adsorption capacity was 189.39 mgg~! for the
adsorbent. Kinetic and desorption studies both suggest that
chemisorption should be the major mode of CR removal by
the organo-attapulgite. The results indicate that HTMAB-
modified attapulgite could be employed as low-cost material
for the removal of Congo red anionic dye from wastewater.
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1 Introduction

Nowadays the large amounts of dyes can be synthesized
and used for many industries such as textiles, paper, leather,
plastics, etc. (Chiou et al. 2004). The colored effluents of
waste water from these industries can be mixed in surface
water and ground water systems, and then they may also
transfer to drinking water and bring a chief threat to hu-
man health due to either toxic or mutagenic and carcino-
genic for most of dyes (Gong et al. 2005). Therefore, it is
necessary to remove the dye pollutions. However, dyes usu-
ally have a synthetic origin and complex aromatic molecu-
lar structures which make them more stable and more dif-
ficult to biodegradate and photodegradate (Seshadri et al.
1994), it bring some difficulties for the treatment of these
pollutants. Hence, it is imperative that a suitable treatment
method should be devised.

In recent years, many methods including chemical oxi-
dation (Neamtu et al. 2004), reverse osmosis (Gupta et al.
1990), coagulation and flocculation (Halliday and Beszed-
its 1986), biological treatments (Patil and Shinde 1988),
photodegradation (Wahi et al. 2005), and adsorption (Rao
and Rao 2006), have been developed for treating dye con-
taining wastewater. Among these methods, adsorption is
known to be a promising technique due to the ease of opera-
tion and comparable low cost of application in decoloration
process. Although activated carbons have been most widely
used for the adsorption of dyes (Rao and Ashutosh 1994;
Pelekani and Snoeyink 2001; Lorenc-Grabowska and Gry-
glewicz 2007), clay minerals have been increasingly gaining
attention because they are cheaper than activated carbons
and they usually have chemical and mechanical stability,
high surface area and structural properties. Many workers
have employed clay minerals such as bentonite (Tahir and
Rauf 2006; Hu et al. 2006), montmorillonite (Wang et al.
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2004), smectite (Ogawa et al. 1996; Czimerov4 et al. 2004),
kaolinite (Harris et al. 2001), sepiolite (Alkan et al. 2004,
2005; Ozcan et al. 2004, 2006), and zeolite (Armagan et al.
2004), etc. for removing the dyes from wastewater. It can be
found in above literature that adsorption capacity of clays is
commonly high for cationic dyes, whereas a low adsorption
capacity was obtained for anionic dyes. The reason for this
case is that the clay’s surface is usually negatively charged
due to the isomorphic substitutions, which is not benefit to
adsorb anions. Hence, the surface of the natural clays has to
be modified in a manner to improve their adsorption capac-
ities for anionic dyes.

Attapulgite is a crystalline hydrated magnesium silicate
with a fibrous morphology having the formula
(Mg,Al)>Si14019(OH)-4(H,0) which is also known as paly-
gorskite or fuller’s earth. It possesses large specific surface
area and moderate cation exchange capacity, which is ben-
eficial for the adsorption of many pollutants such as heavy
metals and dyes from wastewater (Chen and Wang 2007,
Chen et al. 2007; Mckay et al. 1985; Al-Futaisi et al. 2007).
There is much information on the removal of dyes by atta-
pulgite (Mckay et al. 1985; Al-Futaisi et al. 2007). Mckay
et al. (1985) selected fuller’s earth as adsorbent to ad-
sorb a basic dye (Astrazone Blue—Basic Blue 69) and an
acidic dye (Telon Blue—Acid Blue 25). The result presented
that the equilibrium saturation adsorption capacities were
1200 mg dye g~ ! Fuller’s earth and 220 mg dye g~! Fuller’s
earth for Astrazone Blue and Telon Blue, respectively. Al-
Futaisi et al. (2007) reported the adsorption of methylene
blue (MB) basic dye by attapulgite. The results showed that
attapulgite clay can uptake up to 51 mg of MB per 1 g mass
of clay. MB adsorption is best fitted by Langmuir isotherm,
and a pseudo-second-order kinetic model can be efficiently
used to predict the kinetic of adsorption of MB by the atta-
pulgite.

Recently, organoclay has been paid more and more at-
tention due to the novel properties compared with natural
clay (de Paiva et al. 2008). There are many negative charges
on the surface of attapulgite due to the isomorphic substitu-
tions of AI’* for Si*T in the tetrahedral sheets and Mg+
for AI** in the octahedral sheets. Such negative charges
are balanced by the presence of exchangeable cations (Na™,
Ca?*, etc.) in the lattice structure (Galan 1996). So, it can be
modified by organic cations such as quaternary ammonium
compounds by ion exchange reaction. Huang et al. (2007)
have studied adsorption of a water soluble dye, Reactive
Red MF-3B, using octodecyl trimethyl ammonium chlo-
ride modified attapulgite clay and found that, the surfactant-
modified clay could be a good adsorbent for treating Reac-
tive Red MF-3B-contaminated waters. Despite the fact that
surfactant-modified attapulgite clay has been reported to se-
lect as adsorbent for the removal of anions dye reactive red
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MF-3B, there have been no studies on adsorption character-
istic of organo-attapulgite modified by hexadecyltrimethy-
lammonium bromide (HTMAB) for anionic dyes such as a
common one, Congo red.

The main objective of this investigation was to exam-
ine adsorption characteristic for Congo red anionic dye on
HTMAB-modified attapulgite. The effect of such factors as
pH, contact time, initial concentration and temperature was
investigated. The adsorption kinetics and desorption were
also studied.

2 Materials and methods
2.1 Materials

The attapulgite clay was obtained from Xuyi Aotebang Co.
(Jiangsu, China). The sample was ground and sieved to 200
mesh size. Chemical analysis of the sample was performed
in the PANalytical Company with an Magix PW 2403 XRF
Spectrometer and the result is given in Table 1. The cation
exchange capacity (CEC) of the attapulgite clay was deter-
mined using the ammonium acetate method (Bache 1976)
and it was calculated to be 37.7 meq/100 g. Congo red (CR)
was obtained from Tianjin Kermel Chemical Co. (Tian-
jin, China) and used as received. The chemical structure of
CR is shown in Fig. 1. Hexadecyltrimethylammonium bro-
mide (HTMAB) was purchased from Shanghai Reagent Co.
(Shanghai, China) as high purity (>99%) product. All of

Table 1 Chemical composition

of attapulgite sample Component Weight (%)

SiO; 66.43

MgO 13.52

Al O3 10.25

Fe, 03 5.51

CaO 1.82

TiO; 0.53

MnO 0.32

K,O 1.12

Na,O 0.11

P,0s5 0.26

SO; 0.02

NH, H,

oA - U

0=5=0 0=3=0

C‘)'N at O'Na"

Fig. 1 Chemical structure of Congo red
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chemicals other used were of analytical grade. In all experi-
ments distilled water was employed.

2.2 Preparation of organo-attapulgite

The organo-attapulgite was prepared by the cation exchange
reaction. 10 g of attapulgite was mixed in 100 ml HTMAB
aqueous solution containing the amount of surfactant equiv-
alent ratios to 1.0 of CEC of attapulgite. The suspension was
stirred at room temperature for 24 h. The mixture was fil-
tered and washed several times with distilled water until no
bromide ion was detected by AgNO3 solution (0.1 mol L—h.
The sample was dried in an air oven at 105 °C and ground to
200 mesh size.

2.3 Characterization of samples

Infrared spectroscopic measurements were done on a
Thermo Nicolet NEXUS TM spectrophotometer using the
KBr pellets method. The spectrum was collected 32 times
and corrected for the background noise. The X-ray dif-
fractograms were obtained on a X’pert PRO diffractome-
ter with working conditions CuKe, 30 mA and 40 kV
(A =1.54060 A). The scanning was made at room tempera-
ture between 5 and 25 © in 26 with a step size of 0.02 °.

2.4 Adsorption experiments

Adsorption measurements were determined by batch exper-
iment of 50 mg of the sample with 25 ml of aqueous dye
solutions. The pH of dye solution was adjusted with dilute
HCI or NaOH solution by using a Mettler Toledo 320 pH
meter. The mixture was shaken in a thermostatic shaker bath
(THZ-98A) at 120 rpm and a given temperature. The pH
6.0 of suspension and 30°C were selected except for the
study about effects of pH and temperature, respectively. Af-
ter a shaking time was completed, the suspension was cen-
trifuged at 5000 rpm for 10 min. The equilibrium concentra-
tion of dye solution was measured using UV-Vis spectropho-
tometer (Specord 200) at the Apax value of 500 nm for CR.
The amount of the dye adsorbed onto natural, and organo-
attapulgite were determined by the difference between the
initial and remaining concentration of dye solution. The ad-
sorption capacity of CR on adsorbent was calculated using
the following equation:

_(Co—Co)V

m

e (D
where ¢. is the amount of CR adsorbed on adsorbent
(mg g’l), Co, the initial concentration of CR solution
(mg L~1), Ce, the equilibrium concentration of CR solu-
tion (mg L1, m, the mass of adsorbent used (g)and V, the
volume of CR solution (L). The experiments were carried

out by varying pH of dye solution (4-9), initial dye con-
centration (200—-600 mg L~1), contact time (0—150 min) and
temperature (30, 40 and 50 °C).

2.5 Desorption studies

For batch desorption study, 50 mg of the adsorbent uti-
lized for the adsorption of an initial dye concentration of
500 mgL~! was separated from the dye solution by cen-
trifugation. The dye-loaded adsorbent was washed gently
with water to remove any unadsorbed dye. Then the spent
adsorbent was stirred using a magnetic stirrer with 25 ml of
neutral distilled water, 0.1 mol L~! NaOH solution for 6 h,
in turn. The desorbed dye was determined as mentioned be-
fore.

3 Results and discussion
3.1 Characterization of the adsorbents
3.1.1 FT-IR analysis

The FT-IR spectra of attapulgite and organo-attapulgite are
shown in Fig. 2. Compared to spectra of attapulgite, those
of organo-attapulgites show the strong absorption bands
at 2930 and 2856 cm~!, which indicate —CH3 and —CH,
groups. In addition, the absorption band at 1650 cm™! is
attributed to the —OH bend vibration of water (Frost et al.
2001), which becomes weaker with the increase of added
amount of HTMAB. It indicates surface property of atta-
pulgite become more hydrophobic via surfactant modifica-
tion. The above variations in FT-IR spectra suggest that nat-
ural attapulgite has been modified by surfactant and surface
property of attapulgite has been changed evidently.

3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig. 2 FT-IR spectra of attapulgite (a) and organo-attapulgite (b)
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Fig. 3 X-ray diffraction patterns of attapulgite (a) and organo-
attapulgite (b)

3.1.2 XRD analysis

The XRD patterns of attapulgite and organoclay are shown
in Fig. 3. It was observed that attapulgite was the main com-
ponent phase in the clay used in this study, with appreciable
amounts of smectite, quartz and calcite. The characteristic d
spacing corresponding to (010), (200) and (130) reflections
of attapulgite were 10.58, 6.47, and 5.41 A, respectively. Af-
ter organification with HTMAB, all of the above d spacing
for the attapulgite has almost no change. According to the
results of XRD and FTIR, it can be concluded that the crys-
tal structure of the attapulgite is maintained and the surfac-
tant is only adsorbed on the surface of attapulgite needles
and no HDTMA cations were intercalate into the interlayer
of attapulgite.

3.2 Effect of pH

The pH of the dye solution is an important parameter con-
trolling the adsorption capacity of dye onto clay (Wang et
al. 2005). Figure 4 shows the adsorption capacity for natural
attapulgite and organo-attapulgite at different pH of initial
CR solution. It can be observed that the adsorption capac-
ity of the two adsorbents decrease with an increase in pH
of the initial solution from 4 to 6, and then reach gradually
constant as the pH become neutral and more basic. The dif-
ference of the trend in pH vs. adsorption capacity is that the
adsorption is highly dependent on pH of the solution for nat-
ural attapulgite compared to the organo-attapulgites, which
can be interpreted in terms of electronegative property of at-
tapulgite surface. As pH value is low (4.0), the negatively
charged sites (Si—O7) and silanol groups (Si—~OH) on atta-
pulgite are more protonated and form Si—OH;, hence, they
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Fig. 4 Effect of pH for the adsorption of CR onto attapulgite and
organo-attapulgite (the initial dye concentration: 500 mg L~!; temper-
ature: 30 °C; equilibrium time: 2 h)

are more available to adsorb CR through the electrostatic
attraction. Consequently, high adsorption capacity of CR on
adsorbent occurs. As pH increases to 6.0, the attapulgite sur-
face at the moment becomes negatively charged as a whole.
A negative charged surface site on the clay does not favor the
adsorption of anionic dye due to electrostatic repulsion and
causing an evident decrease in the CR adsorption. Since ad-
sorption sites of attapulgite surface is replaced partly by sur-
factant molecules by cation exchange reaction, magnitude of
variable negatively charged sites depended on pH decrease
and consequently the adsorption capacity decreases slowly
with the increase in pH. It is worthy to note that still signif-
icant amount of dye removal onto organo-attapulgites was
observed as the pH of the solution increases from 7 to 9.
This suggests that the other mechanism not electrostatic at-
traction may be operative (Baskaralingam et al. 2006).

3.3 Effect of initial dye concentration, contact time
and temperature

The effect of dye concentration and contact time on the re-
moval of CR by organo-attapulgite at the pH value of 7.0
and 30 °C are shown in Fig. 5. The dye concentration used
in this study was 250, 300 and 350 mg L~! for the adsorbent.
As seen in Fig. 5, the equilibrium adsorption capacity of the
adsorbent for CR increases with increasing initial dye con-
centration. Namely, the more concentrated the dye solution,
the higher the adsorption capacity. This is probably due to a
high driving force for mass transfer in high dye concentra-
tion. It is also observed from the graphs that the adsorption
of CR is rapid from the beginning of the experiment and
thereafter it proceeds at a slower rate and finally reaches to
equilibrium. All the data after about 90 min are essentially at
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Fig. 5 Effect of initial dye concentration and contact time for the ad-
sorption of CR onto organo-attapulgite

equilibrium. Based on the above results, 120 min was fixed
as equilibrium time throughout this study.

The effect of temperature on the equilibrium adsorption
capacity of CR onto organo-attapulgite was investigated at
a concentration of 500 mgL~! and the result showed the
equilibrium adsorption capacities were 184.77, 201.36 and
209.75 mg g~ ! at 30, 40 and 50 °C, respectively. It is clearly
seen that the equilibrium adsorption capacity increases with
increasing temperature from 30 to 50 °C, which indicates
the increase in the mobility of large dye molecules with
increasing temperatures. The result implies that chemical
adsorption mechanism may play an important role in this
system (Aksu 2002).

3.4 Adsorption kinetics

In order to examine the controlling mechanism of adsorp-
tion processes such as mass transfer and chemical reac-
tion, pseudo first-order, pseudo second-order and intraparti-
cle diffusion kinetic equations were used to test the experi-
mental data. The pseudo-first-order kinetic model was sug-
gested by Lagergren (1898) for the adsorption of solid/liquid
systems and its formula is given as:

dqe

— =k —qo). 2

2 —K1(ge —qv ©))
After integration with the initial condition gy =0 at¢ =0,

(3) can be obtained

kit

2.303 ®)

log(ge — g0 =logge —
where ¢ is the adsorption capacity at time 7 (mgg~!) and
ki (min~!) is the rate constant of the pseudo-first adsorp-
tion, was applied to the present study of dye adsorption. The

rate constant, k; and correlation coefficients of the dye un-
der different concentrations were calculated from the linear
plots of log(ge — ¢q¢) versus ¢ (figure not shown) and listed
in Table 2. The correlation coefficients for the pseudo first-
order kinetic model are low. Moreover, a large difference
of equilibrium adsorption capacity (g.) between the experi-
ment and calculation was observed, indicating a poor pseudo
first-order fit to the experimental data.

The kinetic data were further analyzed using Ho’s pseudo-
second-order kinetics model. This model is based on the as-
sumption the sorption follows second order chemisorption.
It can be expressed as (Ho and McKay 1999):

dqge 5

— =k — . 4

T 2(ge — qu) “
When the initial condition is g¢; = 0 at = 0, integration

leads to (5):

fo Ly 5)
¢ kg2 ge

where k> (gmg~! min~") is the rate constant of the pseudo-

second-order adsorption. The rate constant k>, the g. value
and the corresponding linear regression correlation coef-
ficient 7> under different concentrations were calculated
from the linear plots of ¢/q; against ¢ (figure not shown)
and given in Table 2. At all studied initial dye concen-
trations, the straight lines with extremely high correlation
coefficients (>0.999) were obtained. In addition, the cal-
culated g, values also agree with the experimental data
in the case of pseudo-second-order kinetics. These suggest
that the adsorption data are well represented by pseudo-
second order kinetics and the supports the assumption (Ho
and McKay 1999) that the rate-limiting step of CR onto
organo-attapulgite may be chemical sorption or chemisorp-
tion. From Table 2, the values of the rate constant k>
decrease with increasing initial dye concentration for the
organo-attapulgite. The reason for this behavior can be
attributed to the lower competition for the sorption sur-
face sites at lower concentration. At higher concentrations,
the competition for the surface active sites will be high
and consequently lower sorption rates are obtained. Simi-
lar phenomena have been observed in the adsorption of acid
dyes on surfacant-modified bentonites (Baskaralingam et al.
2006; Ozcan et al. 2005).

The kinetic data can also be analyzed by intraparticle dif-
fusion kinetics model, formulated as (Weber and Morriss
1963),

q=kit'? 4 C ©6)

where k; (mg g~! min~!/2) is the intraparticle diffusion rate

constant and C (mgg~') is a constant. The values kj, C
and correlation coefficient calculated from the slope of the
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Table 2 Comparison of the pseudo-first, pseudo-second-order and intraparticle diffusion adsorption constants at different initial dye concentrations

Intraparticle diffusion model

Pseudo-second-order model

Pseudo-first-order model

Co (mgL~")

Adsorbent

r2 ki (mgg_lmin_l/z) C(mgg_l) r2

ge (cal)

ge (cal) r2 ky (x10~* gmg~! min~1)
(mgg™h)

ki (x1072 min~1)

e (exp)

(mgg™hH

(mgg™h

0.9751
0.9822
0.9814

75.39

4.334
7.917
12.094

0.9996
0.9980
0.9976

116.28

25.71

0.8813
0.9433
0.9771

52.27
86.99

114.25

2.324
2.153
2.676

117.25

250
300
350

organo-attapulgite

58.14

136.43

10.32

138.13

42.46

164.74

5.490

154.13

plots of ¢ versus #'/% are shown in Table 3. It is found

that the correlation coefficients for the intraparticle diffusion
model are all above 0.97. The values of intercept give an idea
about the boundary layer thickness, i.e., the larger the inter-
cept, the greater the boundary layer effect (Kannan and Sun-
daram 2003). From Table 2, it is observed that the intercept
C was not zero but large values, which decreases with in-
creasing initial dye concentration for the organo-attapulgite.
This result implies that boundary layer diffusion may be the
rate-limiting step in the adsorption process for the organo-
attapulgite (Ozcan and Ozcan 2004).

To determine the actual process involved in the present
adsorption, mathematical treatments suggested by Boyd et
al. (1947) and Reichenberg (1953) were used and were as
follows:

6 o/ 1
F=1-— — ;(}?) exp[—n’Bt] (7

where F is the fractional attainment of equilibrium at time ¢
and is obtained by the expression:
_a

qoo

F (3)
where ¢g; and g~ are amounts adsorbed after time ¢ and after
infinite time, respectively, and
2
- D;
B=—5 ©9)
"o

where D; is the effective diffusion coefficient of adsorbate
in adsorbent phase; rq is the radius of the adsorbent particle,
assumed to be spherical. In (7), B is defined by (9), and
n is the index of summation that defines the infinite series
solution.

For every observed value of F', corresponding values of
Bt are obtained by applying (7). The Bt values were plotted
against time as shown in Fig. 6. The linearity of this plot can
be used to distinguish between film diffusion and intraparti-
cle diffusion mechanism. If this plot is a straight line passing
through origin, adsorption will be governed by an intraparti-
cle diffusion mechanism, otherwise governed by film diffu-
sion (Wang et al. 2006). It is obviously seen from Fig. 6 that
the nature of the all graphs are not straight lines, indicating
the film diffusion mechanism is the rate controlling step in
a whole adsorption process. This result again confirms the
mechanism of adsorption stated in intraparticle diffusion ki-
netic model studies.

3.5 Adsorption isotherms
Adsorption isotherms are important for the description of

how molecules of adsorbate interact with adsorbent sur-
face. Hence, the adsorption of CR onto organo-attapulgite
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Table 3 Langmuir and Freundlich constants for the adsorption of CR onto organo-attapulgite at 30 °C
Adsorbent Langmuir equation Freundlich equation

¢m (mgg™h) b (Lmg™h) RL r? K (mol! =1/ L1/n g=1y n r?
organo-attapulgite 189.39 0.2907 0.00489 0.9999 114.74 10.68 0.9711

0.0 . T " T g T y T "
0 20 40 60 80 100
¢ (min)

Fig. 6 Bt vs. t plots for the adsorption of CR onto organo-attapulgite
at different initial dye concentrations
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Fig. 7 Isotherm and Langmuir plot for the adsorption of CR onto
organo-attapulgite

is determined as a function of equilibrium CR concentration
(C.) and the corresponding adsorption isotherm is plotted in
Fig. 7. According to the classification of Giles et al. (1960),
the isotherm seem to be of the L type, which indicates that
it is connected with flat position of the adsorbate molecule
toward the adsorbent surface and refers to the monolayer
coverage.

The adsorption process is normally described by the
Langmuir and the Freundlich isotherms. The Langmuir

equation assumes that there is no interaction between the
adsorbate molecules and that the sorption is localized in a
monolayer. It is then assumes that once a dye molecule oc-
cupies a site, no further adsorption can take place at that
site (Langmuir 1918). The Langmuir equation is commonly
expressed as in the linear form:
C_1 G

=— (10)
ge bLIm dm

where C. is the equilibrium concentration of dye solution
(mgL™1), g is the equilibrium capacity of dye on the ad-
sorbent (mgg~!), ¢m is the monolayer adsorption capacity
of the adsorbent (mg g~ 1), and b is the Langmuir adsorption
constant (L mg~") and related to the free energy of adsorp-
tion.

The Freundlich adsorption model assumes that adsorp-
tion takes place on heterogeneous surfaces (Freundlich
1906). Its linear form can be written as:

logge =log K¢ + %logCe 11)
where K¢ and n (dimensionless) are the Freundlich adsorp-
tion isotherm constants, indicated the capacity and intensity
of the adsorption, respectively.

Adsorption equations were obtained by experimental
data with (10) and (11). The linear Langmuir and Freundlich
plots for the adsorption of CR onto organo-attapulgite are
obtained by plotting C./ge vs. Ce (inserted in Fig. 7) and log
ge vs. log C. (figure not shown), respectively. The isotherm
constants and correlation coefficients were calculated and
listed in Table 3. By comparing the correlation coefficients
r2, it can be deduced that the experimental equilibrium ad-
sorption data are well described by the Langmuir equation
compared to Freundlich model. This suggests the monolayer
coverage of the surface of organo-attapulgite by CR mole-
cules. The maximum adsorption capacity of 189.39 mgg~!
was found for organo-attapulgite. The high adsorption ca-
pacity in organo-attapulgite could be due to the large amount
of surfactant on the surface of attapulgite particles, which
could result in increasing amounts of positively charged
sites on the surface of attapulgite and ultimately facilitates
the attraction towards the negatively charged dye molecules.
The monolayer adsorption was also reported for the CR
adsorption onto coal-based mesoporous activated carbon
(Lorenc-Grabowska and Gryglewicz 2007) and flyash (Rao
and Rao 2006).
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The essential characteristics of the Langmuir isotherm
can be expressed by means of ‘Ry’, a dimensionless con-
stant referred to as separation factor or equilibrium parame-
ter Ry, is defined by Al-Degs et al. (2000)

RL=1/(1+bCp) (12)

where b is the Langmuir constant and Cj is the initial dye
concentration. The parameter indicates the type of isotherm
to be irreversible (Ry = 0), favorable (0 < Ry < 1), linear
(Ry, = 1) or unfavorable (Ry. > 1). For CR, the Ry values
were between 0 and 1.0, indicating that adsorption of CR
onto the organo-attapulgite is favorable.

For Freundlich isotherm model, the n value between 1
and 10 indicates beneficial adsorption (Nir et al. 2000). For
the adsorption of CR onto organo-attapulgite, the n value
was above the favourable limit beneficial adsorption. This
result is different with the above discussion on Ry, value,
which might be related with the difference of linearity of
Langmuir and Freundlich adsorption isotherms.

3.6 Desorption of Congo red

Desorption studies can help elucidating the mechanism of
an adsorption process. If the dye adsorbed onto the adsor-
bent can be desorbed by water, it can be said that the at-
tachment of the dye onto the adsorbent is by weak bonds.
If the strong bases, such as NaOH can desorbs the dye, it
can be said that the attachment of the dye onto the adsorbent
is by ion exchange (Mall et al. 2006). Hence, neutral dis-
tilled water was used in the elution of dyes from the organo-
palygorskite followed by NaOH solution. Low desorption
was obtained with neutral distilled water and the percent-
age of desorption for the organo-palygorskite was 13.67%.
While in the case of 0.1 N NaOH solution, only 6.06% was
obtained. The fact that the low desorption occurred with di-
tilled water and NaOH solution suggests that adsorption of
CR onto organo-palygorskite carries out significantly via a
chemisorption mechanism. This result again substantiates
the mechanism of adsorption mentioned in above studies.

4 Conclusions

In this study, palygorskite was modified by a cationic surfac-
tant hexadecyltrimethylammonium bromide and the result-
ing sample was used as adsorbent for the removal of anionic
dye CR from aqueous solution. The results show that the ad-
sorption of CR onto organo-attapulgite was increased by in-
creasing dye concentration and temperature, and by decreas-
ing pH. The organo-attapulgite showed a higher adsorption
capacity toward CR than natural attapulgite. The adsorption
of CR onto organo-attapulgite was endothermic in nature.
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Kinetic data of adsorption were well fitted by the pseudo-
second-order kinetic model and the pseudo second-order
rate constant, kp, decreases with increasing initial dye con-
centration for the organo-attapulgite. Intraparticle diffusion
study showed that film diffusion was operating during the
process of the adsorption of CR onto organo-attapulgite.
The equilibrium experimental data fit perfectly with the
Langmuir isotherm. The maximum adsorption capacity was
189.39 mgg~! for organo-attapulgite. In desorption stud-
ies, low desorption of dyes were obtained with water and
NaOH solution. This indicates that chemisorption should be
the major mode of dye removal by the organo-attapulgite.
As a result it can be said that the surfactant-modified atta-
pulgite is an effective adsorbent for the removal of Congo
red from aqueous solution.
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